WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 7 : 
E21B 



A2 



(11) International Publication Number: WO 00/04269 

(43) International Publication Date: 27 January 2000 (27.01 .00) 



(21) International Application Number: PCT/US99/I6150 

(22) International Filing Date: 15 July 1999 (15.07.99) 



(30) Priority Data: 

60/092,908 
60/095,188 
60/101,541 
60/108,601 



15 July 1998 (15.07.98) US 

3 August 1998 (03.08.98) US 

23 September 1998 (23.09.98) US 

1 6 November 1 998 ( 1 6. II .98) US 



(71) Applicant: DEEP VISION LLC [US/US]; 10th floor. 4 

Greenway Plaza, Houston, TX 77046 (US). 

(72) Inventors: FINCHER, Roger, 23B Amherst Court, Conroe, TX 

77304-1103 (US). W ATKINS, Larry; 10915 Tulip Gar- 
den Court, Houston, TX 77065-3230 (US). MAY, Roland; 
Koenigsbergerstrasse 9, D-29225 Celle (DE). MCFAR- 
LANE, James, W.; 20203 Kempfords Court, Katy, TX 
77450 (US). FONT AN A, Peter, 3918 Byron, Houston, TX 
77005 (US). 

(74) Agents: ROWOLD, Carl, A. et ah; Baker Hughes Incorporated, 
Suite 1200, 3900 Essex Lane, Houston, TX 77027 (US). 



(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR, 
BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, Fl, GB. GE, 
GH, GM, HU, ID, IL, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MD, MG, MK, MN, MW, MX, 
NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ. 
TM, TR, TT, UA, UG, UZ, VN, YU, ZW, ARIPO patent 
(GH, GM, KE, LS, MW, SD, SL, SZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, 
IE, IT, LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF, 
CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG). 



Published 

Without international search report and to be republished 
upon receipt of that report. 



(54) Title: SUBSEA WELLBORE DRILLING SYSTEM FOR REDUCING BOTTOM HOLE PRESSURE 



(57) Abstract 

The present invention provides drilling systems for drilling subsea wellbores. A suction pump coupled to the annulus is used to 
control the bottom hole pressure during drilling operations, making it possible to use heavier drilling muds and drill to greater depths than 
would be possible without the suction pump. Various pressure, temperature, flow rate and kick sensors included in the drilling system 
provide signals to a controller that controls the suction pump, the surface mud pump, a number of flow control devices, and the optional 
delivery system. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY. 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


ci 


Cote d* Noire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


FT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


KU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 00/04269 



PCT/US99/16150 



SUBSEA WELLBORE DRILLING SYSTEM 
FOR REDUCING BOTTOM HOLE PRESSURE 

REFERENCE TO CORRESPONDING APPLICATIONS 

This application claims benefit of U.S. Provisional Application No. 
60/108,601, filed November 16, 1998, U.S. Provisional Application No. 
60/101,541, filed September 23, 1998, U.S. Provisional Application No. 
60/092,908, filed, July 15, 1998 and U.S. Provisional Application No. 
60/095,188, filed August 3, 1998. 

BACKGROUND OF THE INVENTION 
Field of the Invention 

This invention relates generally to oilfield wellbore systems for 
performing wellbore operations and more particularly to subsea downhole 
operations at an offshore location in which drilling fluid is continuously 
circulated through the wellbore and which utilizes a fluid return line that 
extends from subsea wellhead equipment to the surface for returning the 
wellbore fluid from the wellhead to the surface. Maintenance of the fluid 
pressure in the wellbore during drilling operations at predetermined pressures 
is key to enhancing the drilling operations. 

Background of the Art 

Oilfield wellbores are drilled by rotating a drill bit conveyed into the 
wellbore by a drill string. The drill string includes a drilling assembly (also 
referred to as the "bottom hole assembly" or "BHA") that carries the drill bit. 
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The BHA is conveyed into the wellbore by tubing. Continuous tubing such as 
coiled tubing or jointed tubing is utilized to convey the drilling assembly into 
the wellbore. The drilling assembly usually includes a drilling motor or a "mud 
motor" that rotates the drill bit. The drilling assembly also includes a variety of 

5 sensors for taking measurements of a variety of drilling, formation and BHA 

parameters. A suitable drilling fluid (commonly referred to as the "mud") is 
supplied or pumped under pressure from the surface down the tubing. The 
drilling fluid drives the mud motor and discharges at the bottom of the drill bit. 
The drilling fluid returns uphole via the annulus between the drill string and the 

10 wellbore inside and carries pieces of formation (commonly referred to as the 

"cuttings") cut or produced by the drill bit in drilling the wellbore. 



For drilling wellbores under water (referred to in the industry as 
"offshore" or "subsea" drilling) tubing is provided at the surface work station 

15 (located on a vessel or platform). One or more tubing injectors or rigs are used 

to move the tubing into and out of the wellbore. Injectors may be placed at the 
sea surface and/or on the wellhead equipment at the sea bottom. In riser-type 
drilling, a riser, which is formed by joining sections of casing or pipe, is 
deployed between the drilling vessel and the wellhead equipment and is utilized 

20 to guide the tubing to the wellhead. The riser also serves as a conduit for fluid 
returning from the wellhead to the sea surface. Alternatively, a return line, 
separate and spaced apart from the tubing, may be used to return the drilling 
fluid from the wellbore to the surface. 
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During drilling, the operators attempt to carefully control the fluid 
density at the surface so as to ensure an overburdened condition in the 
wellbore. In other words, the operator maintains the hydrostatic pressure of 
the drilling fluid in the wellbore above the formation or pore pressure to avoid 
well blow-out. The density of the drilling fluid and the fluid flow rate control 
largely determine the effectiveness of the drilling fluid to carry the cuttings to 
the surface. For such purpose, one important downhole parameter controlled 
is the equivalent circulating density ("ECD") of the fluid at the wellbore 
bottom. The ECD at a given depth in the wellbore is a function of the density 
of the drilling fluid being supplied and the density of the returning fluid which 
includes the cuttings at that depth. 

When drilling at offshore locations where the water depth is a 
significant fraction of the total depth of the wellbore, the absence of a 
formation overburden causes a reduction in the difference between pore fluid 
pressure in the formation and the pressure inside the wellbore due to the 
drilling mud. In addition, the drilling mud must have a density greater than that 
of seawater so then if the wellhead is open to seawater, the well will not flow. 
The combination of these two factors can prevent drilling to certain target 
depths when the full column of mud is applied to the annulus. The situation is 
worsened when liquid circulation losses are included, thereby increasing the 
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solids concentration and creating an ECD of the return fluid even greater than 
the static mud weight. 

In order to be able to drill a well of this type to a total wellbore depth at 
a subsea location, the bottom hole ECD must be reduced. One approach to do 

5 so is to use a mud filled riser to form a subsea fluid circulation system utilizing 
the tubing, BHA, the annulus between the tubing and the wellbore and the mud 
filled riser, and then inject gas (or some other low density liquid) in the primary 
drilling fluid (typically in the annulus adjacent the BHA) to reduce the density 
of fluid downstream (i.e., in the remainder of the fluid circulation system). This 

10 so-called "dual density" approach is often referred to as drilling with 

compressible fluids. 



Another method for changing the density gradient in a deepwater return 
fluid path has been proposed, but not used in practical application. This 

15 approach proposes to use a tank, such as an elastic bag, at the sea floor for 
receiving return fluid from the wellbore annulus and holding it at the 
hydrostatic pressure of the water at the sea floor. Independent of the flow in 
the annulus, a separate return line connected to the sea floor storage tank and a 
subsea lifting pump delivers the return fluid to the surface. Although this 

20 technique (which is referred to as "dual gradient" drilling) would use a single 
fluid, it would also require a discontinuity in the hydraulic gradient line between 
the sea floor storage tank and the subsea lifting pump. This requires close 
monitoring and control of the pressure at the subsea storage tank, subsea 
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hydrostatic water pressure, subsea lifting pump operation and the surface pump 

delivering drilling fluids under pressure into the tubing for flow downhole. The 

level of complexity of the required subsea instrumentation and controls as well 

as the difficulty of deployment of the system has delayed (if not altogether 

5 prevented) the practical application of the "dual gradient" system. 

SUMMARY OF THE INVENTION 

The present invention provides wellbore systems for performing subsea 
downhole wellbore operations, such as subsea drilling as described more fully 

10 hereinafter, as well as other wellbore operations, such as wellbore reentry, 
intervention and recompletion. Such drilling system includes tubing at the sea 
level. A rig at the sea level moves the tubing from the reel into and out of the 
wellbore. A bottom hole assembly, carrying the drill bit, is attached to the 
bottom end of the tubing. A wellhead assembly at the sea bottom receives the 

15 bottom hole assembly and the tubing. A drilling fluid system continuously 

supplies drilling fluid into the tubing, which discharges at the drill bit and 
returns to the wellhead equipment carrying the drill cuttings. A pump at the 
surface is used to pump the drilling fluid downhole. A fluid return line 
extending from the wellhead equipment to the surface work station transports 

20 the returning fluid to the surface. 

In the preferred embodiment of the invention, an adjustable pump is 
provided coupled to the annulus of the well. The lift provided by the adjustable 
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pump effectively lowers the bottom hole pressure. In an alternative 
embodiment of the present invention, a flowable material, whose fluid density is 
less than the density of the returning fluid, is injected into a return line separate 
and spaced from the tubing at one or more suitable locations in the return line 
or wellhead. The rate of injection of such lighter material can be controlled to 
provide additional regulation of the pressure the return line and to maintain the 
pressure in the wellbore at predetermined values throughout the tripping and 
drilling operations. 



10 Some embodiments of the drilling system of this invention are free of 

subsea risers that usually extend from the wellhead equipment to the surface 
and carry the returning drilling fluid to the surface. Fluid flow control devices 
may also be provided in the return line and in the tubing. Sensors make 
measurements of a variety of parameters related to conditions of the return 

15 fluid in the wellbore. These measurements are used by a control system, 
preferably at the surface, to control the surface and adjustable pumps, the 
injection of low density fluid at a controlled flow rate and flow restriction 
devices included in the drilling system. In other embodiments of the invention, 
subsea risers are used as guide tubes for the tubing and a surge tank or stand 

20 pipe in communication with the return fluid in the flow of the fluid to the 
surface. 
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These features (in some instances acting individually and other instances 

acting in combination thereof) regulate the fluid pressure in the borehole at 

predetermined values during subsea downhole operations in the wellbore by 

operating the adjustable pump system to overcome at least a portion of the 

5 hydrostatic pressure and friction loss pressure of the return fluid. Thus, these 

features enable the downhole pressure to be varied through a significantly 
wider range of pressures than previously possible, to be adjusted far faster and 
more responsively than previously possible and to be adjusted for a wide range 
of applications (i.e., with or without risers and with coiled or jointed tubing). 

10 In addition, these features enable the bottom hole pressure to be regulated 

throughout the entire range of downhole subsea operations, including drilling, 
tripping, reentry, recompletion, logging and other intervention operations, 
which has not been possible earlier. Moreover, the subsea equipment necessary 
to effect these operational benefits can be readily deployed and operationally 

15 controlled from the surface. These advantages thus result in faster and more 

effective subsea downhole operations and more production from the reservoir, 
such as setting casing in the wellbore. 

Examples of the more important features of the invention have been 
20 summarized (albeit rather broadly) in order that the detailed description thereof 

that follows may be better understood and in order that the contributions they 
represent to the art may be appreciated. There are, of course, additional 
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features of the invention that will be described hereinafter and which will form 
the subject of the claims appended hereto. 



BRIEF DESCRIPTION OF THE DRAWINGS 

For detailed understanding of the present invention, reference should be 
made to the following detailed description of the preferred embodiment, taken 
in conjunction with the accompanying drawings, in which like elements have 
been given like numerals: 

FIG. 1 is a schematic elevational view of a wellbore system for subsea 
downhole wellbore operations wherein fluid, such as a drilling fluid, is 
continuously circulated through the wellbore during drilling of the wellbore and 
wherein a controlled lift device is used to regulate the bottom hole ECD 
through a wide range of pressures. 

FIG. 2 is a schematic illustration of the fluid flow path for the drilling 
system of FIG. 1 and the placement of certain devices and sensors in the fluid 
path for use in controlling the pressure of the fluid in the wellbore at 
predetermined values and for controlling the flow of the returning fluid to the 
surface. 

FIG. 3 is a schematic similar to FIG. 2 showing another embodiment of 
this invention utilizing a tubing guide tube or stand pipe as a surge tank. 
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FIGS. 4A-4C illustrate the pressure profiles obtained by using the 
present invention compared to prior art pressure profiles. 

5 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

FIG. 1 shows a schematic elevational view of a drilling system 100 for 
drilling subsea or under water wellbores 90. The drilling system 100 includes a 
drilling platform, which may be a drill ship 101 or another suitable surface work 
station such as a floating platform or a semi-submersible. Various types of 

10 work stations are used in the industry for drilling or performing other wellbore 
operations in subsea wells. A drilling ship or a floating rig is usually preferred 
for drilling deep water wellbores, such as wellbores drilled under several 
thousand feet of water. To drill a wellbore 90 under water, wellhead 
equipment 125 is deployed above the wellbore 90 at the sea bed or bottom 121. 

15 The wellhead equipment 125 includes a blow-out-preventer stack 126. A 

lubricator (not shown) with its associated flow control valves may be provided 
over the blow-out-preventer 126. The flow control valves associated with the 
lubricator control the discharge of the returning drilling fluid from the 
lubricator. 

20 

The subsea wellbore 90 is drilled by a drill bit carried by a drill string, 
which includes a drilling assembly or a bottom hole assembly ("BHA") 130 at 
the bottom of a suitable tubing, such as continuous tubing 142. It is 

9 
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contemplated that jointed tubing may also be used in the invention. The 
continuous tubing 142 is spooled on a reel 180, placed at the vessel 101. To 
drill the wellbore 90, the BHA 130 is conveyed from the vessel 101 to the 
wellhead equipment 125 and then inserted into the wellbore 90. The tubing 
142 is moved from the reel 180 to the wellhead equipment 125 and then moved 
into and out of the wellbore 90 by a suitable tubing injection system. FIG. 1 
shows one embodiment of a tubing injection system comprising a first or supply 
injector 182 for feeding a span or loop 144 of tubing to the second or main 
tubing injector 190. A third or subsea injector (not shown) may be used at the 
wellhead to facilitate injection of the tubing 142 in the wellbore 90. 

Installation procedures to move the bottom hole assembly 130 into the 
wellbore 90 is described in U.S. Patent No. 5,738,173, commonly assigned 
with this application. 

The primary purpose of the injector 182 is to move the tubing 142 to 
the injector 190 and to provide desired tension to the tubing 142. If a subsea 
injector is used, then the primary purpose of the surface injector 190 is to move 
the tubing 142 between the reel 180 and the subsea injector. If no subsea 
injector is used, then the injector 190 is used to serve the purpose of the subsea 
injector. For the purpose of this invention any suitable tubing injection system 
may be utilized. 
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To drill the wellbore 90, a drilling fluid 20 from a surface mud system 

22 (see FIG- 2, for details) is pumped under pressure down the tubing 142. 

„ . The fluid 20 operates a mud motor in the BHA 130 which in turn rotates the 

drill bit. The drill bit disintegrates the formation (rock) into cuttings. The 

drilling fluid 20 leaving the drill bit travels uphole through the annulus between 

the drill string and the wellbore carrying the drill cuttings. A return line 132 

coupled to a suitable location at the wellhead 125 carries the fluid returning 

from the wellbore 90 to the sea level. As shown in FIG. 2, the returning fluid 

discharges into a separator or shaker 24 which separates the cuttings and other 

solids from the returning fluid and discharges the.clean fluid into the suction or 

mud pit 26. In the prior art methods, the tubing 142 passes through a mud 

filled riser disposed between the vessel and the wellhead, with the wellbore 

fluid returning to the surface via the riser. Thus, in the prior art system, the 

riser constituted an active part of the fluid circulation system. In one aspect of 

the present invention, a separate return line 132 is provided to primarily return 

the drilling fluid to the surface. The return line 132, which is usually 

substantially smaller than the riser, can be made from any suitable material and 

may be flexible. A separate return line is substantially less expensive and lighter 

than commonly used risers, which are large diameter jointed pipes used 

especially for deep water applications and impose a substantial suspended 

weight on the surface work station. FIG, 2 shows the fluid flow path during 

the drilling of a wellbore 90 according to the present invention. 
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In prior art pumping systems, pressure is applied to the circulating fluid 
at the surface by means of a positive displacement pump 28. The bottom hole 
pressure (BHP) can be controlled while pumping by combining this surface 
pump with an adjustable pump system 30 on the return path and by controlling 

5 the relative work between the two pumps. The splitting of the work also 
means that the size of the surface pump 28 can be reduced. Specifically, the 
circulating can be reduced by as much as 1000 to 3000 psi. The limit on how 
much the pressure can be lowered is determined by the vapor pressure of the 
return fluid. The suction inlet vapor pressure of the adjustable pumps 28 and 

10 30 must remain above the vapor pressure of the fluid being pumped. In a 

preferred embodiment of the invention, the net suction head is two to three 
times the vapor pressure of the fluid to prevent local cavitation in the fluid. 



More specifically, the surface pump 28 is used to control the flow rate 
15 and the adjustable pump 30 is used to control the bottom hole pressure, which 
in turn will affect the hydrostatic pressure. An interlinked pressure monitoring 
and control circuit 40 is used to ensure that the bottom hole pressure is 
maintained at the correct level. This pressure monitoring and control network 
is, in turn, used to provide the necessary information and to provide real time 
20 control of the adjustable pump 30. 

Referring now to FIG. 2, the mud pit 26 at the surface is a source of 
drilling fluid that is pumped into the drill pipe 142 by surface pump 28. After 
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passing through the tubing 142, the mud is used to operate the BHA 130 and 

returns via the annulus 146 to the wellhead 125. Together the tubing 142, 

annulus 146 and the return line 132 constitutes a subsea fluid circulation 

system. 



The adjustable pump 30 in the return line provides the ability to control 
the bottom hole pressure during drilling of the wellbore, which is discussed 
below in reference to FIGS. 4A - 4C. A sensor PI measures the pressure in 
the drill line above an adjustable choke 150 in the tubing 142. 

A sensor P2 is provided to measure the bottom hole fluid pressure and 
a sensor P3 is provided to measure parameters indicative of the pressure or 
flow rate of the fluid in the annulus 146. Above the wellhead, a sensor P4 is 
provided to measure parameters similar to those of P3 for the fluid in the return 
line and a controlled valve 152 is provided to hold fluid in the return line 132. 
In operation, the control unit 40 and the sensor PI operate to gather data 
relating to the tubing pressure to ensure that the surface pump 28 is operating 
against a positive pressure, such as at sensor P5, to prevent cavitation, with the 
control unit 40 adjusting the choke 150 to increase the flow resistance it offers 
and/or to stop operation of the surface pump 28 as may be required. Similarly, 
the control system 40 together with sensors P2, P3 and/or P4 gather data, 
relative to the desired bottom hole pressure and the pressure and/or flow rate 
of the fluid in the return line 132 and the annulus 146, necessary to achieve a 
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predetermined downhole pressure. More particularly, the control system acting 
at least in part in response to the data from sensors P2, P3 and/or P4 controls 
the operation of the adjustable pump 30 to provide the predetermined 
downhole pressure operations, such as drilling, tripping, reentry, intervention 
and recompletion. In addition, the control system 40 controls the operation of 
the fluid circulation system to prevent undesired flow of fluid within the system 
when the adjustable pump is not in operation. More particularly, when 
operation of the pumps 28, 30 is stopped a pressure differential may be resident 
in the fluid circulation system tending to cause fluid to flow from one part of 
the system to another. To prevent this undesired situation, the control system 
operates to close choke 150 in the tubing, valve 152 in the return line or both 
devices. 

The adjustable pump 30 preferably comprises a centrifugal pump. Such 
pumps have performance curves that provide more or less a constant flow rate 
through the adjustable pump system 30 while allowing changes in the pressure 
increase of fluid in the pump. This can be done by changing the speed of 
operation of the pump 30, such as via a variable speed drive motor controlled 
by the control system 40. The pump system may also comprise a positive 
displacement pump provided with a fluid by-pass line for maintaining a constant 
flow rate through the pump system, but with control over the pressure increase 
at the pump. In the FIG. 2 embodiment of the invention, the adjustable, pump 
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system 30 may be used with the separate return line 132, as shown, or may be 

used in conjunction with the conventional mud-filled riser (not shown). 

FIG. 3 shows an alternative lifting system intended for use with a return 
5 line 132, such as that shown, that is separate and spaced apart from the tubing 
142. In this embodiment, a flowable material of lower density than the return 
fluid from a suitable source 60 thereof at the surface is injected in the return 
fluid by a suitable injector 62 in the subsea circulation system to lift the return 
fluid and reduce the effective ECD and bottom hole pressure. The flowable 

10 material may be a suitable gas such as nitrogen or a suitable liquid such as 

water. Like the adjustable pump system 30, the injector 62 is preferably used 
in conjunction with sensors PI, P2, P3, P4 and/or P5 and controlled by the 
control system 40 to control the bottom hole pressure. In addition, the 
injection system may constitute the sole lift system in the fluid circulation 

15 system, or is used in conjunction with the adjustable pump system 30 to 

overcome at least a portion of the hydrostatic pressure and friction loss 
pressure of the return fluid. 

FIG. 3 also shows a tube 70 extending from the surface work station 
101 down to the wellhead 125 that may be employed in the fluid circulation 

20 system of this invention. However, in contrast to the conventional mud-filled 
riser, the tube 70 rather serves as a guide tube for the tubing 142 and a surge 
tank selectively used for a limited and unique purpose as part of the fluid 
circulation system. More particularly the tube 70 serves to protect the tubing 

15 



PCT/US99/16150 

WO 00/04269 

142 extending through the turbulent subsea zone down to the wellhead. In 
addition, the tube has a remotely operated stripper valve 78 that when closed 
blocks fluid flow between the return line 132 and the annulus 146 and when 
opened provides fluid flow communication into the interior of the tubing from 
5 the return line and the annulus. Thus, with the stripper valve closed, the fluid 
circulation system operates in the manner described above for the FIGS. 2 and 
3 embodiments of this invention, in which there is a direct correspondence of 
the flow rate of fluid delivered to the system by the surface pump 28 and fluid 
flowing past the adjustable pump system 30 or injector 62. However, in 
10 contrast to this closed system, when the stripper valve 78 is opened, an open 

system is created offering a unique operating flexibility for a range of pressures 
in the fluid circulation system at the wellhead 125 at or above sea floor 
hydrostatic pressure. More particularly, with the stripper valve open, the tube 
70 operates as a surge tank filled in major part by sea water 76 and is also 
15 available to receive return flow of mud if the pressure in the fluid circulation 

system at the wellhead 125 is at a pressure equal to or greater than sea floor 
hydrostatic pressure. At such pressures, the mud/water 72 rises with the height 
of the column 74 adjusting in response to the pressure changes in the fluid 
circulation system. This change in the mud column also permits the flow rate 
20 of the fluid established by the adjustable pump system 30 or injector 62 to 

differ from that of the surface pump 28. This surge capacity provides time for 
the system to adjust to pump rate mismatches that may occur in the system and 
to do so in a self-adjusting manner. Further critical pressure downhole 
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measurements of the fluid circulation system may be taken at the surface via the 

guide tube 70. More particularly, as the height of the mud column 74 changes, 

the column of water 76 is discharged (or refilled) at the surface work station 

101. Measuring this surface flow of water such as at a suitable flowmeter 80 

provides a convenient measure of the pressure of the return fluid at the 

wellhead 125. 



The use of the adjustable pump 30 (or controlled injector 62) is 
discussed now with reference to FIGS. 4A-4C. FIG. 4A shows a plot of 
static pressure (abscissa) against subsea and then wellbore depth (ordinate) at a 
well. The pore pressure of the formation in a normally pressured rock is given 
by the line 303. Typically drilling mud that has a higher density than water is 
used in the borehole to prevent an underbalanced condition leading to blow-out 
of formation fluid. The pressure inside the borehole is represented by 305. 
However, when the borehole pressure 305 exceeds the fracture pressure FP of 
the formation, which occurs at the depth 307, further drilling below depth 307 
using the mud weight corresponding to 305 is no longer possible. 

With conventional fluid circulation systems, either the density of the 
drilling mud must be decreased and the entire quantity of heavy drilling mud 
displaced from the circulation system, which is a time consuming and costly 
process, or a steel casing must be set in the bottom of the wellbore 307, which 
is also time consuming and costly if required more often than called for in the 
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wellbore plan. Moreover, early setting of casing causes the well to telescope 
down to smaller diameters (and hence to lower production capacity) than 
otherwise desirable. 

FIG. 4B shows dynamic pressure conditions when mud is flowing in 
the borehole. Due to frictional losses due to flow in the drillsting, shown at line 
P D , and in the annulus, shown at line Pa, the pressure at a depth 307 is given by 
a value 328, i.e., defining an effective circulating density (ECD) by the pressure 
gradient line 309. The pressure at the bottom of the hole 328 exceeds the 
static fluid hydrostatic pressure 305 by an additional amount over and above 
the fracture pressure FP shown in FIG. 4A. This excess pressure P A is 
essentially equal to the frictional loss in the annulus for the return flow. 
Therefore, even with drilling fluid of lower density than that for gradient line 
305 circulating in the circulation system, a well cannot be drilled to the depth 
indicated by 307. With enough pressure drop due to fluid friction loss, drilling 
beyond the depth 307 may not be possible even using only water. 

Prior art methods using the dual density approach seek to reduce the 
effective borehole fluid pressure gradient by reducing the density of the fluid in 
the return line. It also illustrates one of the problems with relying solely upon 
density manipulation for control of bottom hole pressure. Referring to FIG. 
4B, if circulation of drilling mud is stopped, there are no frictional losses and 
the effective fluid pressure gradient immediately changes to the value given by 
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the hydrostatic pressure 305 reflecting the density of the drilling fluid. There 

maybe the risk of losing control of the well if the hydrostatic pressure is not 

„ then somewhat above the pore pressure in order to avoid an inrush of 

formation fluids into the borehole. Pressure gradient line 311 represents the 

fluid pressure in the drilling string. 

FIG. 4C illustrates the effect of having a controlled lifting device (i.e., 
pump 30 or injector 62) at a depth 340. The depth 340 could be at the sea 
floor or lower in the wellbore itself The pressure profile 309 corresponds to 
the same mud weight and friction loss as 309 in FIG. 4B. At the depth 
corresponding to 340, a controlled lifting device is used to reduce the annular 
pressure from 346 to 349. The wellbore and the pressure profile now follow 
pressure gradient line 347 and give a bottom hole pressure of 348, which is 
below the fracture pressure FP of the formation. Thus, by use of the present 
invention, it is possible to drill down to and beyond the depth 307 using 
conventional drilling mud, whereas with prior art techniques shown in FIG. 4C 
it would not have been possible to do so even with a drilling fluid of reduced 
density. 

There are a number of advantages of this invention that are evident. As 
noted above, it is possible to use heavier mud, typically with densities of 8 to 
18 lbs. per gallon for drilling: the heavier weight mud provides lubrication and 
is also better able to bring up cuttings to the surface. The present invention 
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makes it possible to drill to greater depths using heavier weight mud. Prior art 
techniques that relied on changing the mud weight by addition of light-weight 
components take several hours to adjust the bottom hole pressure, whereas the 
present invention can do so almost instantaneously. The quick response also 
makes it easier to control the bottom hole pressure when a kick is detected, 
whereas with prior art techniques, there would have been a dangerous period 
during which the control of the well could have been lost while the mud weight 
is being adjusted. The ability to fine-tune the bottom hole pressure also means 
that there is a reduced risk of formation damage and allow the wellbore to be 
drilled and casing set in accordance with the wellbore plan. 

While the foregoing disclosure is directed to the preferred embodiments 
of the invention, various modifications will be apparent to those skilled in the 
art. It is intended that all variations within the scope and spirit of the appended 
claims be embraced by the foregoing disclosure. 
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WHAT IS CLAIMED IS: 

1 1 . A method of performing downhole subsea wellbore. operations utilizing 

2 „ a wellbore system having a tubing, a bottom hole assembly carried on the 

3 tubing adjacent the lower end thereof, a subsea wellhead assembly at the top of 

4 the wellbore receiving the tubing and bottom hole assembly, and a fluid return 

5 line extending from the wellhead assembly to the sea level, the method of 

6 drilling comprising positioning the bottom hole assembly in the wellbore below 

7 the wellhead assembly, pumping a fluid down the tubing to the bottom hole 

8 assembly, flowing wellbore return fluid through an annulus between the tubing 

9 and the wellbore to the wellhead and up the return line from the wellhead to the 

10 sea level, with the tubing, annulus, wellhead assembly and return line 

1 1 constituting a subsea fluid circulation system, the improvement comprising: 

12 (a) providing an adjustable pump system in fluid flow 

13 communication with said annulus; and 

14 (b) regulating the fluid pressure at the bottom of the borehole at 

15 predetermined values during downhole operations in the 

16 wellbore by operating the adjustable pump system to overcome 

17 at least a portion of the hydrostatic pressure and friction loss 

1 8 pressure of the return fluid . 

1 2. The method of claim 1 wherein regulating the fluid pressure in the 

2 borehole farther comprises blocking flow of return fluid or the flow of 

3 fluid in the tubing when the adjustable pump system is not in operation. 
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1 3. The method of claim 1 further comprising: 

2 (a) sensing an operating parameter of the fluid circulation system 

3 indicative of the pressure or flow rate of the fluid in the fluid 

4 circulation system; 

5 (b) transmitting a signal representative of the sensed parameter; and 

6 (c) controlling the adjustable pump system at least in part based on 

7 said signal. 

1 4. The method of claim 1 wherein the pressure of the borehole is regulated 

2 at predetermined values below the fracture pressure of the formation. 

1 5. The method of claim 1 wherein the pressure of the borehole is regulated 

2 at predetermined values above the pore pressure of the formation. 

1 6. A wellbore system for performing subsea downhole wellbore operations 

2 at an 

3 offshore location comprising tubing receiving fluid under pressure adjacent the 

4 upper end thereof, a bottom hole assembly adjacent the lower end of the 

5 tubing, a subsea wellhead assembly at the top of the wellbore receiving the 

6 tubing and the bottom hole assembly, said wellhead assembly adapted to 

7 receive said fluid after it has passed down through said tubing and back up 

8 through an annulus between the tubing and the wellbore, and a fluid return line 
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9 extending up from the wellhead assembly to the sea level for conveying return 

10 fluid from the wellhead to the sea level, with the tubing, annulus, wellhead and 

11 „, return line constituting a subsea fluid circulation system, the improvement 

12 comprising: 

13 an adjustable pump system in fluid communication with said annulus for 

14 regulating the bottom hole pressure at predetermined values during 

15 downhole operations in the wellbore to overcome at least a portion of 

16 the hydrostatic pressure and friction loss pressures of the return fluid. 
17 

1 7. The wellbore system of claim 6 further comprising a flow control 

2 devices in the subsea fluid circulation system, one device in the tubing 

3 or in communication with the return fluid to block flow of fluid in the 

4 subsea fluid circulation system when the adjustable pump system is not 

5 in operation. 

1 8. The wellbore system of claim 7 wherein said one flow control device in 

2 the tubing is a remotely actuated choke for maintaining positive 

3 pressure of the fluid at the surface. 

1 9: The wellbore system of claim 6 further comprising: 

2 (a) at least one sensor for sensing an operating parameter of the 

3 subsea fluid circulation system indicative of the pressure or flow 

4 rate of fluid in the fluid circulation system; 
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5 (b) a transmitter for transmitting a signal representative of the 

6 sensed parameter; and 

7 (c) a controller for controlling the operation of the adjustable pump 

8 based at least in part on said signal. 

1 10. A method of drilling a subsea wellbore utilizing a drilling system having 

2 tubing, a 

3 bottom hole assembly carried adjacent the lower end of the tubing, a subsea 

4 wellhead assembly at the top of the wellbore receiving the tubing and bottom 

5 hole assembly, and a fluid return line separate and spaced apart from the tubing 

6 extending from the wellhead assembly to the sea level, with the tubing, annulus, 

7 wellhead assembly and return line constituting a circulation system, the method 

8 of drilling comprising positioning the bottom hole assembly in the wellbore 

9 below the wellhead assembly, pumping drilling fluid down the tubing to the 

10 bottom hole assembly and flowing wellbore return fluid through an annulus 

11 between the tubing and the wellbore to the wellhead and up the return line from 

12 the wellhead to the sea level, the improvement comprising: 

13 regulating the fluid pressure in the borehole at predetermined values 

14 during downhole operations in the wellbore by injecting flowable 

15 material of a lower density than the return fluid to overcome at least a 

16 portion of the hydrostatic pressure and friction loss pressure of the 

17 return fluid. 
18 
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1 11. The method of claim 10 wherein regulating the fluid pressure in the 

2 borehole further comprises blocking flow of the return fluid in the 

3 circulation system or the flow of the drilling fluid in the tubing when the 

4 lower density flowable material is not being injected. 

1 12. A wellbore system for performing downhole subsea operations in a 

2 wellbore at an 

3 offshore location, comprising tubing receiving fluid under pressure adjacent the 

4 upper end thereof, a bottom hole assembly adjacent the lower end of the 

5 tubing, a subsea wellhead assembly at the top of the wellbore receiving the 

6 tubing and the bottom hole assembly, said wellhead assembly adapted to 

7 receive said fluid after it has passed down through said tubing and back up 

8 through the annulus between the tubing and the wellbore and a fluid return line 

9 separate and spaced apart from the tubing extending up from the wellhead 
10 assembly to the sea level for conveying return fluid from the wellhead to the 
U sea level, with the tubing, annulus, wellhead and return line constituting a 

12 subsea fluid circulation system, the improvement comprising: 

13 (a) an adjustable fluid lift in fluid communication with the subsea 

14 fluid circulation system for regulating the fluid pressure at 

15 predetermined values during downhole operations in the 

16 wellbore by overcoming at least a portion of the hydrostatic 

17 pressure and friction loss pressures of the return fluid; and 
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!8 (b) a fluid surge vessel extending up from adjacent the wellhead to 

19 the surface and in fluid communication with return fluid from 

20 the annulus, said vessel holding a lower column of return fluid 

21 and an upper column of water with the height of the column of 

22 return fluid indicative of the differential pressure of the return 

23 fluid and the sea water adjacent the wellhead. 
24 

1 13. The wellbore system of claim 1 2 further comprising a valve adjacent the 

2 wellhead to block fluid communication between return fluid from the 

3 annulus and the fluid surge vessel. 

4 

1 14. The wellbore system of claim 12 wherein the fluid surge vessel is a 

2 stand pipe. 

1 15. The wellbore system of claim 12 further comprising a sensor for 

2 measuring a parameter indicative of the volume of water flowing into 

3 and out of the vessel, with changes in the pressure of the return fluid 

4 adj acent the wellhead . 
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